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Abstract of JP6201649 

PURPOSE:To measure the deterioration of 
a lubricating oil in a real-time manner in a 
size in which the apparatus can be mounted 
on a vehicle by a method wherein one pair 
of electrodes using an insert metal are 
immersed in the lubricating oil and a 
voltage generated across the electrodes is 
measured. CONSTITUTION:A lubricating- 
oil deterioration detector 1 is mounted on a 
vehicle engine 20, and one pair of 
electrodes 2, 3 using an inert metal are 
immersed in a lubricating oil 21. Then, an 
electric current generated across the 
electrodes 2, 3 is amplified, a voltage V0 is 
then measured by a voltage measuring 
instrument 5, and the voltage V0 is input to 
an operation part 7. The operation part 7 
corrects a temperature by applying a signal 
form a temperature detection part 6 to the 
voltage V0. For this, a map for a 
temperature and a voltage is used. A total 
acid number is used as an index for the 
deterioration degree of the oil 21, a change 
in the measured voltage V0 with reference 
to a change in a known total acid number is 
formed as a map in advance, and the total 
acid number of the oil 21 is judged and 
displayed on a display part 8 while the 
measured voltage V0 is made to refer to the 
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map of the total acid number. Thereby, the 
small size and the real-time operation of the 
lubricating-oil deterioration detector 1 can 
be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Lubricating oil degradation detection equipment characterized by consisting 
of the electrodes 2 and 3 of a couple dipped in a lubricating oil 21, operation part 7 
which calculates whenever [ degradation ] in the light of the total acid number map of 
the lubricating oil known beforehand from the electrical potential difference produced 
in these two electrodes 2 and 3, and a display 8 which displays that result. 
[Claim 2] Lubricating oil degradation detection equipment given in a claim (1) 
characterized by using an inactive metal for one [ at least ] electrode among the 
electrodes 2 and 3 of a couple. 

[Claim 3] Lubricating oil degradation detection equipment given in a claim (2) 
characterized by using gold, silver, or platinum as an inactive metal. 
[Claim 4] The claim (2) characterized by using at least one of iridium, a ruthenium, a 
rhodium, or its oxides at the electrode of another side, or lubricating oil degradation 
detection equipment given in (3). 

[Claim 5] The combination as a metal used for the electrodes 2 and 3 of a couple (1) 
rhodium-lead, (2) A platinum-indium, a (3) rhodium-indium, a (4) iridium-indium, (5) A 
lead-indium, (6) platinum-nickel, (7) rhodium-zinc, (8) Platinum-copper, (9) 
rhodium-copper, (10) iridium-copper, (11) lead-copper, (12) Lubricating oil 
degradation detection equipment given in a claim (1) characterized by using one 
combination of platinum-silver, (13) rhodium-silver, (14) iridium-silver, (15) lead-silver, 
and (16) iridium-zinc. 

[Claim 6] The lubricating oil degradation detection approach characterized by getting 
to know the amount of lubricating oil additive, and the total acid number of an oil, and 
judging degradation of an oil by measuring the electrical potential difference produced 
by dipping into the oil which measures two electrodes. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which detects 
degradation of lubricating oils, such as an engine for cars and transmission, and its 
detection approach. 



[0002] 

[Description of the Prior Art] It is common to use the criterion in accordance with JIS 
or the specification of ASTM, for example, the total basicity, the total acid number, 
insoluble content, additive reduction, viscosity, etc. conventionally as an approach of 
judging degradation of the lubricating oil of bearing, such as lubricating oils, such as an 
engine for cars and transmission, or a steam turbine generator, and a hydroelectric 
generator. And what the detection equipment suitable for each criterion is proposed, 
and JP,61-96262,A etc. is one of things about the viscosity of them, and was shown in 
JP,59-121297,A about the total acid number is known for recent years. 
[0003] 

[Problem(s) to be Solved by the Invention] However, according to the criterion in 
accordance with above-mentioned conventional JIS or the specification of ASTM, the 
measuring device of dedication and special information are required for measurement. 
And since what was shown in JP,61-96262,A of viscosity measures the oil film of 
bearing and is asking for viscosity from the value, it is not common. Moreover, what 
was shown in JP,59-1 21297,A of the total acid number consists of precise weighing of 
a lubricating oil, dilution of a solvent, actuation of titration by the base, etc., and there 
is a problem of taking very complicated and great time amount. If a lubricating oil is 
furthermore sampled, the lubricating oil of the part must be filled up and the activity in 
respect of practical use is dramatically difficult. Although equipment is small and 
measurement on real time is required to especially equip a car etc., in the actual 
condition, anyone has the problem that it is cheaply immeasurable promptly easily, 
with the equipment which can be carried. 

[0004] This invention is made in view of the above-mentioned thing, it is a thing, 
measurement on real time can perform degradation of a lubricating oil, and equipment 
aims at submitting small the lubricating oil degradation detection equipment which can 
be carried, and its detection approach also to a car. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned object, 
invention of the 1st of this invention consists of the electrode of a couple dipped in a 
lubricating oil, operation part which calculates whenever [ degradation ] from the 
electrical potential difference produced in these two electrodes in the light of the 
total acid number map of the lubricating oil known beforehand, and a display which 
displays that result. The 2nd invention uses an inactive metal for one [ at least ] 
electrode in the 1st above-mentioned invention. The 3rd invention uses gold, silver, or 
platinum as an inactive metal in the 2nd above-mentioned invention, the 4th invention 



is looked like [ the 2nd and 3rd invention ], is set, and uses at least one of iridium, a 
ruthenium, a rhodium, or its oxides for the electrode of another side, the 5th invention 
— the electrode of a couple — public funds — the combination as a group — (1) 
rhodium-lead — (2) A platinum-indium, a (3) rhodium-indium, a (4) iridium-indium, (5) 
A lead-indium, (6) platinum-nickel, (7) rhodium-zinc, (8) One combination of 
platinum-copper, (9) rhodium-copper, (10) iridium-copper, (11) lead-copper, (12) 
platinum-silver, (13) rhodium-silver, (14) iridium-silver, (15) lead-silver, and (16) 
iridium-zinc is used. By measuring the electrical potential difference produced by 
dipping into the lubricating oil which measures two electrodes, the 6th invention gets 
to know whenever [ amount / of lubricating oil additive /, or lubricating oil's 
degradation ], and judges degradation of a lubricating oil. 
[0006] 

[work — ] for By dipping two electrodes into a lubricating oil, the electrical potential 
difference according to whenever [ this lubricating oil's degradation ] is taken out from 
two electrodes, and degradation of a lubricating oil is judged with this electrical 
potential difference. 
[0007] 

[The example of fruit ** ] The example of this invention is explained based on a 
drawing. The whole block diagram in which drawing 1 shows one example of the 
lubricating oil degradation detection equipment of this invention, and drawing 2 are 
circuit diagrams. In drawing 1, the engine 20 carried in the car which is not illustrated 
is equipped with lubricating oil degradation detection equipment 1, and it measures 
degradation of the lubricating oil 21 (henceforth an oil 21) which carries out the 
lubrication of the engine 20. Lubricating oil degradation detection equipment 1 
consists of operation part 7 by which connection was carried out to the current 
amplifier 4 by which connection was carried out to the electrodes 2 and 3 of the 
couple which touches the oil to measure, and the electrodes 2 and 3 of a couple, the 
amplitude-measurement machine 5 by which connection was carried out to the 
current amplifier 4, and the temperature detection section 6 which touches the 
amplitude-measurement machine 5 and the oil to measure, and a display 8 which 
displays the result of operation part 7. Drawing 2 is a circuit diagram and uses the 
actuation amplifying circuit. It can change by one resistance R1, and differential gain is 
the magnification value V1 and V2. It can adjust. Moreover, it is the adjustable 
resistance R3 by the class of oil etc. (M) can adjust an output. The electrical potential 
difference V1 produced by dipping in the above into the oil 21 which measures the 
electrodes 2 and 3 of a couple, and V2 It leads to a current amplifier 4 and is an 



electrical potential difference VO. It measures. This electrical potential difference VO 
is led to operation part 7, and it is an electrical potential difference VO at operation 
part 7. The signal from the temperature detection section 6 is impressed, and 
temperature compensation is performed. Since there is the temperature 
characteristic like drawing 4 in this, it is with the map of temperature and an electrical 
potential difference. Drawing 3 is a total acid number map in which change of the 
detection electrical potential difference in the lubricating oil degradation detection 
equipment 1 to change of an oil of the known total acid number beforehand is shown, 
judges the total acid number of the oil at that time in the light of this total acid number 
map, and displays the electrical potential difference detected and obtained on a 
display 8. In the above, oxidization iridium (1mm angle) was used for the electrode 2, 
silver (1 mm round head) was used for the electrode 3 of another side, the electrode of 
this couple was dipped in the oil by die length of about 10mm, and the comparison with 
the measured electrical potential difference and the analysis value measured by the 
titration approach according to JIS and five kinds (A-E) were performed. Correlation 
as shown in drawing 3 is found, and the judgment of this result is possible by 
measuring the predetermined value of the total acid number. In addition, in the 
above-mentioned example, although oxidization iridium and silver were used for the 
electrode, iridium, a ruthenium, a rhodium, or its oxide may be used for one electrode, 
and inactive metals, such as gold and platinum, may be used for the electrode of 
another side. 

[0008] Moreover, the combination of the following metals can also be used for the 
above-mentioned electrode pair. Namely, (1) rhodium-lead, a (2) platinum-indium, a 
(3) rhodium-indium, (4) An iridium-indium, a (5) lead-indium, (6) platinum-nickel, (7) 
Platinum-zinc, (8) rhodium-zinc, (9) platinum-copper, (10) rhodium-copper, (11) It is 
one combination of iridium-copper, (12) lead-copper, (13) platinum-silver, (14) 
rhodium-silver, (15) iridium-silver, (16) lead-silver, and (17) iridium-zinc. 
[0009] The total acid number map in the combination of a metal pair from which a 
large number which contain an electrode pair in below differ is shown. In addition, each 
of this total acid number map has that desirable from which the total acid number 
obtains each detection electrical potential difference (mv), and plots this in a graph 
using seven kinds of known lubricating oils shown in a table 1, and this each point 
changes linearly to each lubricating oil as an electrode pair. 
[0010] 
[A table 1] 
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[001 1] In addition, in a table 1, the 1st thing is new oil and the 7th thing deteriorates 
most. 

[0012] It was the combination of platinum-copper which is shown in drawing 5 , and 

sequentially from the 1st, the detection electrical potential differences (mv) in each 

data of this are 186, 175, 147, 115, 98, 58, and 98, and changed linearly. 

[0013] It was the combination of golden-copper which is shown in drawing 6 , and the 

detection electrical potential differences (mv) in each data of this are 90, 47, 69, 93, 

84, 78, and 53 sequentially from the 1st, and did not change linearly. 

[0014] It was the combination of rhodium-copper which is shown in drawing 7 , and 

sequentially from the 1 st, the detection electrical potential differences (mv) in each 

data of this are 428, 277, 263, and 250,253,203,261, and changed to the abbreviation 

straight-line target. 

[0015] It was the combination of iridium-copper which is shown in drawing 8 , and the 

detection electrical potential differences (mv) in each of this data are 330, 265, 260, 

214, 197, -, 125 sequentially from the 1st, and good linearity was acquired. 

[0016] It was the combination of 10 radium-copper which is shown in drawing 9 , and 

the detection electrical potential differences (mv) in each of this data are -894, -958, 

-950, -977, -993, -1086, -1024, and (1046) sequentially from the 1st, and linearity was 

acquired. 

[001 7] It was the combination of platinum-zinc which is shown in drawing 10 , and the 
detection electrical potential differences (mv) in each of this data are 730, 566, 535, 
504, 506, 503, 533, and (456) sequentially from the 1st, and abbreviation linearity was 
acquired. 

[0018] It was the combination of golden-zinc which is shown in drawing 1 1 , and the 
detection electrical potential differences (mv) in each of this data are 539, 454, 453, 
and 497,445,494,439 sequentially from the 1st, and linearity was not acquired. 



[0019] It was the combination of rhodium-zinc which is shown in drawing 12 , and the 
detection electrical potential differences (mv) in each of this data are 757, 623, 634, 
587, 566, 609, 576, and (537) sequentially from the 1st, and abbreviation linearity was 
acquired. 

[0020] It was the combination of iridium-zinc which is shown in drawing 13 , and the 
detection electrical potential differences (mv) in each of this data are 498 (552), 516, 
506, 480, 482, 446, 439, and (452) sequentially from the 1st, and linearity was acquired. 
[0021] It was the combination of palladium-zinc which is shown in drawing 14 , and the 
detection electrical potential differences (mv) in each of this data are -648, (-624), 
-618, -625, -635, -653, -683, -670, and (-663) sequentially from the 1st, and linearity 
was not acquired. 

[0022] It was the combination of platinum-nickel which is shown in drawing 15 , and 
the detection electrical potential differences (mv) in each of this data are 346, 260, 
260, 230, 241, 227, 230, and (243) sequentially from the 1st, and linearity was acquired. 
[0023] It was the combination of golden-nickel which is shown in drawing 16 , and the 
detection electrical potential differences (mv) in each of this data are 152, 114, 131, 
and 154,170,190,130 sequentially from the 1st, and linearity was not acquired. 
[0024] It was the combination of rhodium-nickel which is shown in drawing 17 , and 
the detection electrical potential differences (mv) in each of this data are 335, 305, 
307, and 304,303,304,276 sequentially from the 1st, and change was not seen by the 
detection electrical potential difference in spite of change of the total acid number. 
[0025] It was the combination of iridium-nickel which is shown in drawing 18 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data are 278, 264, 260, and 262,278,254,264, and there was no change in a 
detection electrical potential difference. 

[0026] It was the combination of palladium-nickel which is shown in drawing 19 , and 
the detection electrical potential differences (mv) in each of this data are -848, -936, 
-913, -885, -882, -888, and -913 sequentially from the 1st, and linearity was not 
acquired. 

[0027] It was the combination of a platinum-indium which is shown in drawing 20 , and 
the detection electrical potential differences (mv) in each of this data are 643, 572, 
568, and 509,479,418,422 sequentially from the 1st, and linearity was acquired. 
[0028] It was the combination of a golden-indium which is shown in drawing 21 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data are 476, 447, 451, and 422,417,422,415, and there was no change in a 
detection electrical potential difference. 



[0029] It was the combination of a rhodium-indium which is shown in drawing 22 , and 
the detection electrical potential differences (mv) in each of this data are 679, 628, 
620, and 575,569,501,512 sequentially from the 1st, and linearity was acquired. 
[0030] It was the combination of an iridium-indium which is shown in drawing 23 , and 
the detection electrical potential differences (mv) in each of this data are 538, (612), 
and 547, 527 and 484,460,424,413 sequentially from the 1st, and linearity was acquired. 
[0031] It was the combination of a lead-indium which is shown in drawing 24 , and the 
detection electrical potential differences (mv) in each of this data are -447, -524, 
-562, -598, -641, -690, and -612 sequentially from the 1st, and abbreviation linearity 
was acquired. 

[0032] It was the combination of platinum-lead which is shown in drawing 25 , and the 
detection electrical potential differences (mv) in each of this data are 537, 415, 446, 
and 426,41 1,417,430 (443) sequentially from the 1st, and linearity was not acquired. 
[0033] It was the combination of golden-lead which is shown in drawing 26 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data are 376, 315, 347, and 351,348,395,377, and there was no change in a 
detection electrical potential difference. 

[0034] It was the combination of rhodium-lead which is shown in drawing 27 , and the 
detection electrical potential differences (mv) in each of this data are 616, 520, 532, 
and 495,482,484,503 sequentially from the 1st, and abbreviation linearity was acquired. 
[0035] It was the combination of iridium-lead which is shown in drawing 28 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data were 477, 438, 440, and 443,432,414,432, and there was little change of a 
detection electrical potential difference. 

[0036] It was the combination of palladium-lead which is shown in drawing 29 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data were -625, -665, -663, -690, -665, -712, and -682, and the detection 
electrical potential difference had little change. 

[0037] It was the combination of platinum-silver which is shown in drawing 30 , and 
the detection electrical potential differences (mv) in each of this data are 520, 404, 
407, 360, 308, 250, 322, and (274) sequentially from the 1st, and linearity was acquired. 
[0038] It was the combination of golden-silver which is shown in drawing 31 , and the 
detection electrical potential differences (mv) in each of this data are (330, - 263, 230, 
221, 228 and 230, 197) sequentially from the 1st, and linearity was not acquired. 
10039] It was the combination of rhodium-silver which is shown in drawing 32 , and the 
detection electrical potential differences (mv) in each of this data are 546, 462, 445, 



406, 370, 300, 378, and (315) sequentially from the 1st, and linearity was acquired. 
[0040] It was the combination of iridium-silver which is shown in drawing 33 , and the 
detection electrical potential differences (mv) in each of this data are 460, 425, 448, 
and 372,367,327,302 sequentially from the 1st, and good linearity was acquired. 
[0041] It was the combination of palladium-silver which is shown in drawing 34 , and 
the detection electrical potential differences (mv) in each of this data are -647, -703, 
-720, -749, -776, -726, and -796 sequentially from the 1st, and linearity was acquired. 
[0042] It was the combination of iridiurrHron which is shown in drawing 35 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data are 494, 431, 422, and 418,412,420,490, and there was no regularity in change 
of a detection electrical potential difference. 

[0043] It was the combination of iridium-aluminum which is shown in drawing 36 , and 
sequentially from the 1st, the detection electrical potential differences (mv) in each of 
this data are 985, 1025, 1025, 1006, 1005, 1020, and 1014, and there was no change in 
a detection electrical potential difference. 

[0044] It was the combination of iridium-magnesium which is shown in drawing 37 , 
and sequentially from the 1st, the detection electrical potential differences (mv) in 
each of this data are 1113, 1033, 1048, 1109, 1075, 1037, and 1030, and there was no 
regularity in a detection electrical potential difference. 

[0045] If the combination of an electrode pair which changes with change of all 
oxidation from each above-mentioned experiment by the ratio with a fixed change of a 
detection electrical potential difference is chosen The combination (1) rhodium-lead, 
a (2) platinum-indium, (3) rhodium-iridium, (4) An iridium-indium, a (5) lead-indium, (6) 
platinum-nickel, (7) Rhodium-zinc, (8) platinum-copper, (9) rhodium-copper, (10) 
iridium-copper, (11) It turned out that the electrode pair of the combination of 
lead-copper, (12) platinum-silver, (13) rhodium-silver, (14) iridium-silver, (15) 
lead-silver, and (16) iridium-zinc can use. 
[0046] 

[Effect of the Invention] As explained above, according to this invention, degradation 
of an oil can be judged by measuring the electrical potential difference produced by 
dipping into the oil which measures two electrodes. Since the inactive metal is used to 
(b) acidity corrosion as a description in this case, the corrosion of an electrode is 
avoided and it can be used in the long run. 

(b) Since the hydrogen electrode regularly used as a reference electrode, the calomel 
electrode, the silver-silver chloride electrode, etc. are not used, the supplement of 
internal liquid, gas, etc. becomes unnecessary and it becomes usable over a long 



period of time. 

(c) Moreover, the internal liquid of these reference electrodes is water, and although it 
cannot be used, since it is using only the metal electrode, it can be used at an 
elevated temperature, and it can be attached to an engine etc. direct picking in a 
location [ elevated temperature / engine ]. 

(d) Since it is considering as the metal electrode without using a reference electrode 
also in this case, although the pressure of a fluid is applied to an electrode when it 
attaches to the passage of lubricating oils, such as an engine, direct picking, it can 
attach direct picking. 

** — since effectiveness [ like ] arises, and miniaturization real-time measurement of 
equipment is attained and the result is displayed on a display, the outstanding 
effectiveness that anyone can do measurement cheaply promptly easily is acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the whole block diagram showing one example of the lubricating oil 
degradation detection equipment of this invention. 
[Drawing 2] It is a circuit diagram. 

[Drawing 3] It is the diagram showing the analysis value measured by the titration 
approach according to the electrical potential difference and JIS which were 
measured with this invention equipment. 

[Drawing 4] It is the diagram showing the relation between temperature and an 
electrical potential difference. 

[Drawing 5] When the construction material combination of an electrode pair is 
platinum-copper, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 6] When the construction material combination of an electrode pair is 
golden-copper, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 7] When the construction material combination of an electrode pair is 
rhodium-copper, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 8] When the construction material combination of an electrode pair is 
iridium-copper, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 



[Drawing 9] When the construction material combination of an electrode pair is 
palladium-copper, it is the diagram showing change of the detection electrical 
potential difference in data which are different in the total acid number. 
[Drawing 10] When the construction material combination of an electrode pair is 
platinum-zinc, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 1 1] When the construction material combination of an electrode pair is 
golden-zinc, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 12] When the construction material combination of an electrode pair is 
rhodium-zinc, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 13] When the construction material combination of an electrode pair is 
iridium-zinc, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 14] When the construction material combination of an electrode pair is 
palladium-zinc, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 15] When the construction material combination of an electrode pair is 
platinum-nickel, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 16] When the construction material combination of an electrode pair is 
golden-nickel, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 17] When the construction material combination of an electrode pair is 
rhodium-nickel, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 18] When the construction material combination of an electrode pair is 
iridium-nickel, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 19] When the construction material combination of an electrode pair is 
palladium-nickel, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 20] When the construction material combination of an electrode pair is a 
platinum-indium, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 



[Drawing 21] When the construction material combination of an electrode pair is a 
golden-indium, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 22] When the construction material combination of an electrode pair is a 
rhodium-indium, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 23] When the construction material combination of an electrode pair is an 
iridium-indium, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 24] When the construction material combination of an electrode pair is a 
palladium-indium, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 25] When the construction material combination of an electrode pair is 
platinum-lead, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 26] When the construction material combination of an electrode pair is 
golden-lead, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 27] When the construction material combination of an electrode pair is 
rhodium-lead, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 28] When the construction material combination of an electrode pair is 
indium-lead, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 29] When the construction material combination of an electrode pair is 
palladium-lead, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 30] When the construction material combination of an electrode pair is 
platinum-silver, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 31] When the construction material combination of an electrode pair is 
golden-silver, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 32] When the construction material combination of an electrode pair is 
rhodium-silver, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 



[Drawing 33] When the construction material combination of an electrode pair is 
iridium-silver, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 34] When the construction material combination of an electrode pair is 
palladium-silver, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 35] When the construction material combination of an electrode pair is 
iridium-iron, it is the diagram showing change of the detection electrical potential 
difference in data which are different in the total acid number. 

[Drawing 36] When the construction material combination of an electrode pair is 
indium-aluminum, it is the diagram showing change of the detection electrical 
potential difference in data which are different in the total acid number. 
[Drawing 37] When the construction material combination of an electrode pair is 
iridium-magnesium, it is the diagram showing change of the detection electrical 
potential difference in data which are different in the total acid number. 
[Description of Notations] 

1 Lubricating oil degradation detection equipment, and 2 and 3 are an electrode and 4. 
A current amplifier, 5 A voltage amplifier, 6 The temperature detection section, 7 
Operation part, 8 An indicating equipment, 20 An engine, 21 Lubricating oil. 
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(2) 

1 

i ] mmm 2 1 fta-r-**©** 2 , 3 1 . 
x n 5 mmm <o$mm-? ? f \zm VT9Mtm&®.&? z> 

£S#«£-r*HBS0Wfc«tfi8B. 
[8S*B2] -*f©«ffi2, 3©5tS, ^<ife- 

(1) |B«©i®*ftJfl)#te&tHtlB, 

!0^f^5ut^att5i*i (2) tamoiamffl 

Di?£A, ^^^©^^©^©^fcKifc 1^ 
&ffl^S:::t<£#afr-5i»^ (2) <fc5Wi (3) 

[»*«5] -*f com& 2 , 3tCfflV^^PtLT© 

ma**, (1) n^A-jB, (2) a4-<f>?9 

A. (3) UW2±--1>Wk.. (4) -f'J-^A- 
-f>>?<?A, (5) ft--f >>»^A, (6) ei-Zy a? 
^r;k (7) D>»i7A-ffi*S, (8) (9) 
ni?t>A-^ (10) -f'jm-». (ll)JB- 

«. (12) a#-s, (13) nm-i. (1 

4)-fUS?*A-«. (1 5) »-•. (16) -f US' 

(1) iB«©ia^?i&^fl^mgBo 
cii^6] 2-z)c7)«ffi*ai^-r^.fa©tf^s-rct 

[0 0 0 1] 

[£f£±©ffj)8#!?] <c^ffl©x>>?>. h 

5 >X 5 -y -> a >^©fflraifi©#fc£&tti-r SgBRtf 

[0 0 0 2] 

t**-*»-c**. ^LTiS¥t?tt. *n*noW5eiS 

fcWr*t)<DtlxTtt»IIH6 1 -9 6 2 6 2*&ffff 
*»*D, gfc&KffKHUTttttHIBS 9-12129 

[0 0 0 3] 

*©J I S^ASTM©:lg»fcfliJofcW£S*Pfc<fcn 

a. *sfc»ffl©«)t««t*n©iMiiwe«Tf**. so 



^68^6-2 0 1 6 4 9 

2 

■€■ bTfftaf©^IBBa 61-96262 ^*(C*$#Xfc 

V»*ftft—jR»T&V>. £&£KB<DttNHH5 9-12 
1 2 9 7%^l:^Sntt)©tt, mrttOflFff. sag 
©#&. SfiTOl£ffl||^^^DA?t£0. # 
flHC****^, **ft:BWIlj8«*»a»<5 4: V> 5 

ESS"?* «f 1C*M«? fc mm? 5 BUB** $ 

«*«rttfcaBTiiT?t>#»K, iB&ic, ftBicwaw 

[0004] *fiK«iie©jitfc*^*t*.&$n'b© 

< t>K«*iwfi6^amifl*ib«ai^B&at 
^©teffl^is^gfti-rs ctsiwtts fe©t?*5. 

[0 0 0 5] 

[^is*»»-r*fc«e»©^g] jibb 

fc. #5B9I©SBl©589IHu BBtt £«?"-**©«« 

^zwmm<D±mm-?y7\zmhT&itgi*foM-rz®. 

-€-©«S*S^-rs^a5i:^6ft-DXViS. 
Sg2©5g9i«, ±tami©^ix*v>T. 4>ft<<hfc- 

^f©BBtc:^ffitt^«*fflv>-5. S3©awtt» ±mm 
•rn*>*ffln*. »4©sswtt, ^2, ^3©«wcfc 

*5V>t. ^*©*ffilc, •f'J-^A, ;1/t--OA. 

A t> L < VX^nmmo O "6 '>& < t *> 1 "3 Srffl V>T 
S5©5!Ktt, -*f©«ffiffl^JHiLT©«-&1i: 
* (1) Di^A-ia. (2) S^-'T>v J '>A, 

(3) ny^/A — 0i?0&, (4) 'fU^A— f> 
5»>A. (5) »--f >5?«>A, (6) 
;k (7) n^^A-M»v (8) ^^-ffl, (9) D 
v^y-A-ifl, (10) -fiJJ"JA-i. (1 1) »- 
M. (1 2) (13) (1 

4) -fU?9A-M. (1 5) ft-I, (16)^'J>? 
•>A-M«i©^-rn^©iifl-&-ar*ffl^-5„ ®6©5l9g 
2^©@ffi&iBIS-rSiS»?ft©4»ta-rJ: 1 i:tc<to 

[0 0 0 6] 

[ft* ffl] 2^>©mffi?£)®^Jft*Cg-r^a:lcJ;r). 

^ <Dfflmm<D%{tmzfe v itnmtmnm& e. % o ta s 

n. r©S£EtcJ;D. )Braffl©#it#«£5n.2>. 
[0 0 0 7] 

[n jfi «] *ftW(Dmmm&®m\z&-j\,*Tmm-r 
z>* m i K*58W©p^^^m»B©-^ifi0!is^ 
•r^«i^0, 0 2«niiis0-r&«.„ miiaic*3^T, 
is«?ft^b^m^fi i ttH«ufcv>*wfc»«sn&x 
>i?>2o\zmm-£n. x>is>2 o&mm-rzmmm 
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(3) 

3 

2 1 (£TF. ffl2 1 t»5. ) W^Sjffl^-rs. mm 

fcsgij 7 1 . 7 ©Ks****-r 8 1 

Jtt©aS^fc±OnI^©Sft;R S (M) K«fcOaj;>j*Sl 10 

£«jjrr£}i!i2 i<D^(cs-rcii:{c«fcoT*-r-5«mv 

i , V S 4 CS»#. «BEVo £38£-r*. 

C»«B£Vo*iKJMS7te**. «»eP7-C«. 1EV 

©stsffiwvy^^-fev^. 03«ft&©^iie)U»» 

£&«©£fcfctt^5iara?ir£fl;&ffigB 1 T©tfctHS 

ffi3»C& (ImmA) SfflH. C©-M©tiS*!)l 0 

TiB^#fe(Cj;t)a!l^bfc»*f<li©itK. 5«H (A 
~E) £frofc. £©*^i^3tc;STzr<t:<©ffiiaa* 
*e>tu £&«©W£ffi£fWt-£C<hK:,fcD*iJ5£a<-<? 

-*©«ffi»c -fijy^/A, ^t 1 -^ 
d^©^g^asfflv»Tt>«fcti. 

[0 0 0 8] *&±IEmSjtt(Ctt^©±-5^M©ia-& 
it^ffl^^tfeT?**. -ffcfc)^ (1) a if 01,- 
». (2) a*— f>i>*A. (3) nP9A—i>V 
(4) -fU^A-f^A, (5) #e — f > 

ifOA, (6) ea-=v*;k (7) 

(8) D^<>A-&$&> (9) (10) 
tfA-gi. (11) -f'J-m-i. (12)&-«PI. 

(13) (14) n-^A-ffi, (15) 

'J-m-S, (16) ffi-ffi, (1 7) -f VifOl*- 40 

M«a©^-rn^©ia-&-a-T?»-5. 

[0 0 0 9] «Tfc<IS#£#tr#iSc©ja&5&Jii*f© 

v s; i tz^-rna© 7 a«©jgi»}a*ffl 

K -?-n-i?nffl&tH«ffi (mv) £i§. cnsi^^c 

^D-y hLfc*>©-ea&9, C©#^At#if|f&fftt?il^W 

c^fc-T* >b©^«ffi*ft UTS? * U> fc©T*-5. 

[0 0 10] 

[3?1] 

so 



#»?6-2 0 16 4 9 

4 







» a 


1 


2. 


5 0 


2 


3. 


0 3 


3 


3. 


3 7 


4 


4. 


5 1 


5 


5. 


0 6 


6 


5. 


1 7 


7 


6. 


3 0 



[0 0 1 1] /k&gltc&^T. l»B<0fc(0teSrl^ 

[0012] ^5^-rt><D«, a*-«©»«&*T, 
2ino#3R»fc*»«*m«ff (mv) 

lC> 1 8 6, 1 7 5, 1 4 7, 1 1 5, 9 8, 5 8, 9 
[0 0 13] m6\Z7sk-?*<Dl*. &-m<D&&w % z. 

n<D&Mmz&wz>&ttiW£ (mv) 

9 0, 4 7, 6 9, 9 3, 8 4, 7 8, 5 3T&?)> it 

[0 0 14] B7^rt>OMU Dy^A-S^t) 
12:T$>0> CftO«»l:*tt5«iBtfl£ (mv) «1 
#Btf>SJHfc* 4 2 8, 2 7 7, 2 6 3., 2 5 0, 2 5 
3, 2 0 3, 2 6 1T&D, KitiRttfcfcffcLft. 

[0 0 15] B8fc«?fc<0Kk ^Uv^-M^ 
CO«»fc*H-S|fclH«E (mv) ttl#B* 
e>m\Z* 3 3 0, 2 6 5, 2 6 0, 2 1 4, 1 9 7, 

[0 0 1 6] 891:5%?% (DR. 10 7^A-iOiB 
21©**»K:*^*«ttH«BE (mv) ttlSB 
^&JHC -89 4, -95 8, -95 0, -97 7, 
- 9 9 3, - 1 0 8 6, - 1 0 24, (1 0 4 6) T» 

[0 0 17] HI 0 £*?*>(&», &&-W®<DU^ 
C©ftJH»fc*W"**ffl«E (mv) ttl*g»g 
JHIC, 7 3 0, 5 6 6, 5 3 5, 5 0 4, 5 0 6, 5 0 

3, 5 3 3, (4 5 6) T&D, tofflmtfi»*>ft1t. 
[00 1 8] 01 1 £*?*>©«& -:ffi»<0»&i*-C, 

C0#*»K*tt**m*EE (mv) Bl*g»6M' 
fc, 5 3 9, 4 5 4, 4 5 3, 4 9 7, 4 4 5, 4 9 

4, 4 3 9T&D, ttStta*»Sn&*>t>&. 

[0019] si 2fc«?t>©ttPs;»>A-3e»®iia-& 

C©4K»fc*lt**HMIJE (mv) ttlftg» 
*>m\Z. 7 5 7, 6 2 3, 6 3 4, 5 8 7, 5 6 6, 6 
0 9, 5 7 6, (5 3 7) T*D. MMMfaPft&tl 

[0 0 2 0] HI 3K*?fc0>ftk -Y US?* A -Eft© 
ffl^T, C©ftjB»fc*»**m«E (mv) ttl§ 
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5 

B*>5JHfc* 4 9 8 (5 5 2), 5 1 6, 5 0 6, 4 8 
0, 4 8 2, 44 6, 4 3 9, (4 5 2) T?&0, dttl 

[0 0 2 1] HI 4Jl3S-rt>O»/^9>? I >A-M«B<0jft 
^©ft*»K*»**ffl«E (mv) ttl#B 
- 64 8, (-62 4), -61 8, -62 
5, - 6 3 5, -6 5 3, - 6 8 3, -6 7 0, (-6 
6 3) T?«fcD. i»»tt^#ena^ofc. 

[0 0 2 2] HI 5 iZfjk-?*><D\Z&&--ytr)]/<Dm'& 
*T, C©#*»fc*tf*«ttH*£E (mv) ttl#g* 
SJBfc* 3 4 6, 2 6 0, 2 6 0, 2 3 0, 24 1, 2 
2 7, 2 3 0, (2 4 3) S0Rtt*«#6n&« 

[0 0 2 3] mi 6tC*f fe^ti, 
-frT, £<D#jR»fc:etf5|fttH«ffi (mv) ttl#B* 
£JBtC, 1 5 2, 1 1 4, 1 3 1, 1 54, 1 7 0, 1 
9 0, 1 3 0^D> liWf^n^fco 

[0 0 2 4] mi 7\Z7ttb<D\tUz?V&-—yt')V<D 
^StT, £<D&X»fc;fett**fcH«EE (mv) 
S^BJRIC. 3 3 5, 3 0 5, 3 0 7, 3 0 4, 3 0 
3, 3 0 4, 2 7 6-C*D, 4MO»blCb^to5 

[0 0 2 5] HI 8C«-r*>«>tt-f U^A-— yir* 
©jfi&tT, £0#W«:*H'«imE (mv) ttl 
• S^SIRIC, 2 7 8, 2 6 4, 2 6 0, 2 6 2, 2 7 
8, 2 5 4, 2 6 4TSD* ttU*£fc£fc#<&:fi>o 

[0 0 2 6] H19l:Stfe(OH /^7y^A-^7^ 
jPOfrfrlTC, 21<Z)ft«»fc*»-S«ktH«E (mv) « 
l#B*>SJHfc» -8 4 8, -9 3 6, -9 1 3, -8 
8 5, -8 8 2, -8 8 8, - 9 1 3 T?S 0, ftBtt** 

[0027] H2 otr^f 5 bo«a^--r>> ? ^Aom 

^tT, E©«mfc*tt**ttMJE (mv) Bl*g 

6 4 3, 5 7 2, 5 6 8, 5 0 9, 4 7 9, 
4 1 8, 4 2 2T&0, iMMfeWSSnfc. 
[0 0 2 8] H2 llC*Tfc©tt*->f ^^AOft^ 
ttT, 2KO#JH5Kc*tt*«WH«JBE (mv) ttl#B*> 
4 7 6, 4 4 7, 4 5 1, 4 2 2, 4 1 7, 4 
2 2, 4 1 5-C&D, *W*Efc«fc*%tf>oft. 
[0 0 2 9] H2 2fc^-rt>©», D5>#A-' f>>*£ 
A^fi^-fr^ C0ft»l(:itf**lBiE (mv) 1* 
6 7 9, 6 2 8, 6 2 0, 5 7 5, 5 
6 9, 5 0 1, 5 1 27?*^ tlfi^iWc. 
[0 0 3 0] H2 3fc«Tfe©tt-f US^A-- f 

Aoa^tt, ji©4m»»c*»**m«E (mv) a 

ltl^^Il:, 5 3 8, (6 1 2), 5 4 7, 5 2 
7, 4 8 4, 4 6 0, 4 2 4, 4 1 3T*D, ftRtttf* 

[0 0 3 1] ^2 4^T 3 bcD«iB-<>^^AOffl'& 
*"C, CflD#X»fc:&tf**mftEE (mv) ttl#B* 



(4) WHW6-2 0 1 6 4 9 

6 

SJBfc, -44 7, -5 24, -5 6 2, - 5 9 8, - 
64 1, -69 0, -61 2T&0, K*»tt*t#^n 

[0 0 3 2] 02 5l:^tt)©H B&-fi<Z»a£tt 
E©#3*»fc*Ht**ffl«E (mv) ttl«B**S 
MIC, 537, 415, 446, 426, 411, 41 
7, 4 3 0 (4 4 3) fttttttfft&ttftfrt) 

[0 0 3 3] H2 6^-rt><0tt*-«O|i^^ 21 
i0 ©ft*»te*^*Dfcffl«BE (mv) ttl#B*>SJHfc:» 
3 7 6, 3 1 5, 3 4 7, 3 5 1, 3 4 8, 3 9 5, 3 

[0 0 3 4] H2 7fc*TfeOttD>^>A-»0|ft-&-& 
Tf, (mv) ttl*B#>6 

6 1 6, 5 2 0, 5 3 2, 4 9 5, 4 8 2, 4 8 
4, 5 0 3T&D* 5 nfc. 

[0 0 3 5] H 2 8 K»-r*Ott, -YUS^A-»<B» 
ca>#*ttfc*tt*ftffl«EE (mv) IS KB 
*>6JBte, 4 7 7, 4 3 8, 4 4 0, 4 4 3, 4 3 2, 
20 414, 432T&PK tfflSE«ffl%^ofco 
[0 0 3 6] 02 9fc***><m*/^^A-«©»& 
*-C, £0>#*»K*tt*ttffi«J0E (mv) |±KB*> 
t>m\Z, - 6 2 5, -6 6 5, -6 6 3, -6 9 0, - 

6 6 5, - 7 1 2, -6 8 ttfUftEfcgfctf 

[0 0 3 7] H 3 0 K«-r *>0>ttfi*-«©fc#*T, 
£<DftK»fc*fr£*tH«£E (mv) Blt§»6l 
5 2 0, 4 0 4, 4 0 7, 3 6 0, 3 0 8, 2 5 
0, 3 2 2, (2 7 4) T&D, i*«te**#&ttfc. 

5» [0 0 3 8] H3 i c^rfeottA-Malfr&irc. - 

©#W»fc*»*<fttB«BE (mv) ttl«B*6JBfc, 
3 3 0, 2 6 3, 2 3 0, 2 2 1, 2 2 8, 2 3 

o , < 1 9 7 ) t» t>, mmmm &n&a>o it, 

[0 0 3 9] m 3 2 iC^rfcOfcJU nS^A-ft©^ 
dO«jR»fc*tt**m«JEE (mv) ttl#B*> 
SJBte* 5 4 6, 4 6 2, 44 5, 4 0 6, 3 7 0, 3 
0 0, 3 7 8, (3 1 5) fiitt«s#5n&. 
[0 0 4 0] H3 3Jr«-rt>(Z>tt-f Ui?^A-«©a-& 
E©Mmfc*tf«*H«BE (mv) ttl#B* 
40 SJHfc, 4 6 0, 4 2 5, 44 8, 3 7 2, 3 6 7, 3 
2 7, 3 0 2t^D> ^fc««tt*«#Sft&. 
[0 0 4 1] m3 4\Z7tt%<DW*Ji?& 

JKO*»»fc*tf*«WH«JEE (mv) telSBfr 
fcJBfc, -6 4 7, -7 0 3, -7 2 0, -74 9, - 

7 7 6, - 7 2 6, - 7 9 6T»t)> Mtt^ft&tl 
fc. 

[0 0 4 2] 03 5C^tfe^l -f U3?£AHR0)fi 
£0«)me*»*&ttltME (mv) 12 KB 
»6JI^ 4 9 4, 4 3 1, 4 2 2, 4 1 8, 4 1 2, 
50 4 2 0, 4 9 0*CfeD> fcffi«E<0*fcfc*«ttjWfc* 
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7 

■oH. 

[0 0 4 3] 03 6(C^-rfeCD«-1'Uv ? «?A-7JV5- 
*A©fc£i*-p, £©£«£H::£tt-5&fcB«EE (mv) 
«1#B*^)BIC, 9 8 5, 1 0 2 5, 1 0 2 5, 1 0 

0 6, 1 0 0 5, 1 0 2 0, 1 0 14T?abD. feffltff 

[0 0 4 4] 03 7ltiK-r ! b©fcM'L)> f »>A--75'*>' 
* ACDffi^-B-T. £©&jg£H:::fctt£t&tHe£E (mv) 
tel#a#>6JBK:, 1 1 1 3, 1 0 3 3, 1 04 8, 1 

1 0 9, 1 0 7 5, 1 0 3 7, 1 0 3 O-p&O. tiUUM 

[0 0 4 5] ±e6!UM»&±afls0Xfl:fcJ: t>*MB* 

^t, ^©sa^-a-a (i) o-^^a-ib, (2) 

-f>S>*A, (3) aS?*A--f US?* A, (4) -f U 
S?*A— f >S?*A. (5) »—f>S?*A. (6) e 
&-X»/$r;k (7) DS^A-MfS. (8) a&- 
ffl. (9) Dy^A-fi, (10) -f'J^A-JS, 
(1 1) (12) (13) Dv9A 

(1 4) -f US?*A-«, (15)iB-^ (1 
6) U A-SfflCffi^tfflSiWffl t-^ I tit 

[0 04 6] 

[fS<J]©24m] H±BW!l<&J:3fc, *|«W(cJ;n«, 

2 ©«s &«ij£-r -s ?s © * \zmt c t ic <t o r^-r s 
»ma©jBffli*Jj8»t s nssBWfc^fflT ^ 

(n) itKafiSi:bT^ffl$n-5**«SI, 1t3*^ 

(a) *«:cne.jtsisma©rtss^±*Ta&Dx>>'> 

^©S5S^«Rlf-C««fflT€^H©t?*-5*^JS«S© 

f*«s*©jE* ate® ca»a> * ©«-&c* i>t t> Jt« 

©«fc 3 i;g«©/hSMfc'J TVl^-r A8fifcji*Rj 

!Bfc£D. ?^^©i!S&#S^ge{Cg^£ft5fc«>. 

mil ^m<ommm^ti^mmm<D-mmm^-r 

[02] 

[03] *^W«MlrTai)£bfc«)EEa: J I SK«oT 



(5) ftM¥6-2 0 1 64 9 
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[04] M«£«JE©Hf&£^-rigi0Ti&£. 

[05] @ffi#©#ftifr&1*-a<a£-IJ!©<§£:£e(ffi*t 

s*5«is»cfett-5^m«ffi©^**-r^0T*-5. 

[06] «ffi^©»Sffl^-S*^-ffl©^^e«*tS 

^ s^ncfett^am£E©^**-riS0-r * -s. 

[0 7] «ffi#©*m&^tf*<nS>*A-|ja©££:£& 
«**g&S^lcim£&fflSffi©£fc£^lt0T& 
-5. 

[08] gg*f©*ma^-e-a<-f u s> * a - is©^^ 
[0 9] «s^©«sa-&-a-*vt5s?*A-s©«-&^ 

Kffi*^^«,^tc^^5^W«£E©^fl:**-rilS0T 

[01 o] «fii^©»Siffl-&-&^a^-sififfl^^K 

«#JI&£ig!|SH£43tt5t*fflSJEE©^t£*ttS0T?& 
[011] mS*f©#Bifi-&-&*t^-M»©^^ft 

^sa^M»tc*3it^«a*jBE©^bs^-r^0-es 

[012] *S»©»Hm^^Dv>*A-*ffi©^ 

^K«^sas«»ir*{t^^aimffi©^flis^-r«i0 
[0i3] mmttvttsm'8i-Gt>HVi?<yj>-&®e>® 

[014] mmM<ommm^*v^i><yA-M^(D® 

50 [01 5] «ffi^©»Hffl^-&*ta^-x. 7 ^;i/©JS-& 

[016] «lffi^©#mm^li-!6t^-xyy;i,©*i^ 

Kffi^s^-5S«sn;^tts^tb«ffi©^&*-r^0T? 

[017] «SM©»Mifi-&-&^PS'*A-x 2 /^© 
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